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Thephasebehaviorofamodelsuspensionofcoloidal
polydisperseplateletsisstudiedusingdensity-functional
theory1. Plateletsaremodeledasparalelrectangular
prismsofsquaresectionlandheighth,withlengthand
heightdistributionsgivenbydiﬀerentpolydispersitiesδl
andδh. Themodelisintendedtoqualitativelyrepre-senttheexperimentalcoloidalplateletsuspensionsat
highdensitieswithhighlydegreeoforientationalorder-
ing. Thesecoloidalplateletshavebeensynthesisedby
diﬀerenttechniques,buttheycanneverbeproducedwith
uniformsize;therefore,theypossessanintrinsicpolydis-
persitybothinthicknessandlateralsize.Sizepolydis-
persityisknowntogreatlymodifythephasebehaviourof
coloidalsuspensions,sincephaseswith(partialorful)
spatialordercannoteasilyform:particlescannotaccom-
modateintoregularperiodicstructuresduetothedis-
parityinsize. Whentwopolydispersitiescomeintoplay,
theﬁnalstructuredelicatelydependsontheirvalues,and
orderwildevelopalongtheless-frustratedspatialdimen-
sion(s).
Withourtheory,wecanobtainthephasebehaviorof
themodelcoloidalsuspension,includingnematic(N),
smectic(S)andcolumnar(C)phasesanditsdependence
withthetwopolydispersitiesδlandδh. Whenδl>δhweobservethatthesmecticphasestabilisesﬁrstwith
respecttothecolumnar.Ifδh>δlweobservetheop-positebehavior. Other morecomplicatedcasesoccur,
e.g. thesmecticstabilisesfromthenematicﬁrstbut
thenthereexistsaﬁrst-ordertransitiontothecolum-
narphase.Ourmodelassumesplate-rodsymmetry,but
theregionsofstabilityofsmecticandcolumnarphases
arenon-symmetricintheδl−δhplaneduetothediﬀerentdimensionalityoforderinginthetwophases. Microseg-
regationeﬀects,i.e.diﬀerentspatialdistributionfordif-
ferentsizeswithintheperiodiccel,takeplaceinboth
phases. ThetheoryconﬁrmsthestabilitiesofCandS
phasesasfoundinexperimentsoncoloidalsuspensions
ofmineralanisotropicparticles(seeﬁgure)2–4.
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FIG.1.Diﬀerence∆η=ηs−ηcofpackingfractionsofbi-
furcatedSandCphasesasafunctionofpolydispersitiesδl
andδh,infalsecolour.Dashedlinecorrespondstothecurve
∆η=0(SandCphasesbifurcateatthesamepackingfrac-
tion). TheS(C)labelindicatestheregionwheretheS(C)
phasebifurcatesfromtheNﬁrst.Dottedlineisthebisectrice
δl=δh. Orange,blueandblackﬁledcirclescorrespondto
experimentswhereC,SandC+Sarefound.Inthecaseof
blackcirclesandtheorangecirclewithadownarrow,poly-
dispersitiescorrespondtothoseoftheparentphase.
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